IMPORTANCE Observational studies suggest a role for dietary nutrients such as vitamin E and selenium in cataract prevention. However, the results of randomized clinical trials of vitamin E supplements and cataract have been disappointing and are not yet available for selenium. OBJECTIVE To test whether long-term supplementation with selenium and vitamin E affects the incidence of cataract in a large cohort of men. DESIGN, SETTING, AND PARTICIPANTS The Selenium and Vitamin E Cancer Prevention Trial (SELECT) Eye Endpoints Study was an ancillary study of the Southwest Oncology Group-coordinated SELECT, a randomized placebo-controlled 4-arm trial of selenium and vitamin E conducted among 35 533 men, 50 years and older for African American participants and 55 years and older for all other men, at 427 participating sites in the United States, Canada, and Puerto Rico. A total of 11 267 SELECT participants from 128 SELECT sites participated in the SELECT Eye Endpoints ancillary study. INTERVENTIONS Individual supplements of selenium (200 μg per day from L-selenomethionine) and vitamin E (400 IU per day of all rac-α-tocopheryl acetate).
B asic research and animal studies suggest a potential role for dietary nutrients in cataract onset and progression. [1] [2] [3] Vitamin E and selenium are of particular interest among examined nutrients because both are found in the human lens 4, 5 and plausible mechanisms have been previously described. Vitamin E is a lipid-soluble antioxidant concentrated in lens fibers and membranes and may inhibit cataract formation by reducing photoperoxidation of lens lipids and stabilizing lens cell membranes. [6] [7] [8] Selenium is a trace element incorporated into the endogenous antioxidant enzyme glutathione peroxidase, which is found in high concentrations in the lens, particularly in peripheral lens fiber cells where glutathione is synthesized. 9 Glutathione peroxidase acts to protect membrane lipids and macromolecules from peroxide-induced oxidative damage 1,10-12 and its activity is positively correlated with selenium concentration. [13] [14] [15] Selenium has also been shown to inhibit oxidative stress-induced apoptosis in lens epithelial cells. 16 Observational studies in humans generally indicate lower rates of cataract in persons with higher dietary intake or blood levels of selenium (or glutathione peroxidase) and, in particular, vitamin E. 4, [17] [18] [19] [20] [21] However, the results of randomized trials have been disappointing. Seven trials testing high-dose vitamin E supplements, either alone or in combination with other vitamin supplements, in generally well-nourished populations have found few benefits on cataract for treatment durations as long as 8 years in men and 10 years in women. [22] [23] [24] [25] [26] [27] [28] For selenium, randomized clinical trial data are limited. Selenium was included in a multivitamin/mineral combination associated with a lower risk of cataract in a nutritionally deficient population in China 23 and in well-nourished populations in Italy 29 and the United States. 30 However, the individual effect of selenium on cataract occurrence could not be determined in those trials.
Herein, we report the findings for cataract from the Selenium and Vitamin E Cancer Prevention Trial (SELECT) Eye Endpoints (SEE) Study. The SEE study was an ancillary study of the SELECT, a randomized placebo-controlled 4-arm trial of selenium, vitamin E, and the combination of selenium and vitamin E in prostate cancer prevention. To our knowledge, the data reported here represent the first trial data for the individual effect of selenium in cataract prevention.
Methods

Study Design
The Selenium and Vitamin E Cancer Prevention Trial All men provided written informed consent for participation in the SELECT and the local institutional review board of each study site approved the SELECT for activation and reviewed its progress annually. Detailed descriptions of the rationale, design, and conduct of the SELECT have been previously published. 31, 32 The SELECT was a phase 3 randomized placebocontrolled 4-arm trial of selenium (200 μg per day from L-selenomethionine), vitamin E (400 IU per day of all rac-αtocopheryl acetate), and the combination of selenium and vitamin E for the prevention of prostate cancer among 35 533 men 50 years and older for African American men and 55 and older for all other men. 32 Eligible men had no prior diagnosis of prostate cancer, 4 ng/mL or less of prostate-specific antigen in serum, and a digital rectal examination not suspicious for cancer. Eligible men also reported no current use of anticoagulant therapy other than 175 mg or less per day of acetylsalicylic acid or 81 mg or less per day of acetylsalicylic acid with clopidogrel bisulfate, no history of hemorrhagic stroke, and normal blood pressure. Men were offered a free multivitamin containing no selenium or vitamin E (to increase adherence) and were required to avoid over-the-counter supplements of selenium and vitamin E throughout the study. Men were randomized in a randomized block scheme in which the block was the study site. This ensured a balance of the 4 intervention groups within each study site.
The SELECT was activated in July 25, 2001, with planned follow-up of 7 to 12 years. Participant clinic visits were scheduled every 6 months throughout the trial. On diagnosis of prostate cancer, participants were followed up at annual clinic visits. At study visits, men were asked about new medical events, including diagnosis of cataract or cataract surgery in the previous 6 months. Adherence and adverse events were monitored every 6 months and a limited physical examination, including assessments of blood pressure, weight, and smoking status, was conducted annually. The trial was terminated early on October 23, 2008, because of lack of efficacy in prostate cancer prevention and the observation of possible adverse events (ie, small and not statistically significant increases in type 2 diabetes mellitus in the selenium [alone] group and prostate cancer incidence in the vitamin E [alone] group); with longer follow-up, those taking vitamin E alone had a 17% increased risk of prostate cancer. 33 The SEE Study The SEE study was an ancillary study of the SELECT that began on September 1, 2003, with funding from the National Eye Institute. Participation in the SEE ancillary study was voluntary. Of 427 SELECT study sites in the United States, Canada, and Puerto Rico, 148 sites obtained local review board approval to participate in the SEE study. Of these, 104 sites registered at least 1 participant to the SEE study. Twenty-four of the remaining 44 sites did not register any participants to the SEE study but maintained current institutional review board approval and are included in the denominator. Thus, this report includes data from 128 sites comprising 11 267 SELECT participants ( Figure 1 ). The characteristics of men who participated in the SEE study did not differ from those of the overall SELECT population (data not shown).
End Point Assessment
Men who reported a prior diagnosis of cataract at baseline in the SELECT were not eligible and were excluded from analysis. At their first visit after approval and activation at their sites, men were asked to report new events, including cataract diagnosis or extraction since entering the SELECT. In subsequent 6-month visits, men reported new events since their last visit. Following a report of cataract, participants were asked to provide written informed consent for participation in the SEE study and written consent to obtain relevant medical records. The completed medical record release form was faxed to the SEE study center in Boston, Massachusetts, which then contacted ophthalmologists and optometrists by mail and requested them to complete a cataract questionnaire or, alternatively, supply copies of the relevant medical records.
The cataract questionnaire asked about the presence of lens opacities, diagnosis date, visual acuity loss, cataract extraction, other ocular abnormalities, and cataract type (eg, nuclear sclerosis, cortical, or posterior subcapsular) and origin (including age related, traumatic, congenital, inflammatory, or surgery induced or steroid induced).
The primary end point was incident cataract, defined as a lens opacity diagnosed after randomization but before October 23, 2008, age related in origin, and best-corrected visual acuity of 20/30 or worse attributable to the opacity. Cataract extraction was a secondary end point and was defined as the surgical removal of an incident cataract.
Statistical Analysis
The SEE study was designed with 4 prespecified comparisons to assess the main effects of the 2 study agents (selenium ± vitamin E vs no selenium ± vitamin E; vitamin E ± selenium vs no vitamin E ± selenium) on the primary end points of incident cataract and visually significant age-related macular degeneration. For each comparison, the prespecified significance level was set at P < .05. To adjust for multiple comparisons, we applied the Bonferroni correction and considered 0.0125 (0.05/4) statistically significant.
Men were classified according to their randomized selenium or vitamin E treatment assignment and were followed up until the occurrence of cataract, death, or loss to followup. Men who reported cataract but did not register in the SEE study were censored as of the date of their cataract report. With 389 confirmed events, the study had adequate power (80%) to detect a 25% reduction in the hazard of incident cataract.
We compared baseline characteristics in the selenium and vitamin E groups using 2-sample t tests, χ 2 tests for proportions, and tests for trend for ordinal categories. Kaplan-Meier curves estimated cumulative incidence across time by randomized group and curves were compared using the log-rank test. Cox proportional hazards models were used to estimate the hazard ratios (HRs) of cataract comparing treated and nontreated groups after adjustment for the other treatment assignment (selenium or vitamin E). Models were also fit separately within the following 4 age groups: 50 to 54 years, 55 to 64 years, 65 to 74 years, and 75 or older. Tests of trend were calculated by including a term for the interaction of the antioxidant and age (expressed as a continuous variable with values 1 to 4 corresponding to the 4 age groups) in a proportional hazards model. Interaction terms were used to test for additivity of the 2 antioxidant agents using multiplicative terms in the Cox model. We tested the proportional hazards assumption by modeling interaction terms separately for selenium or vitamin E with the logarithm of time and these assumptions were not violated (P > .05). For each HR, the 95 % CI and 2-sided P values were calculated. We also analyzed subgroup data by categories of baseline variables that were possible risk factors for cataract. We explored possible effect modification by using interaction terms between subgroup indicators and treatment assignment and we tested for trend when subgroup categories were ordinal.
In secondary analyses, Cox models were used to calculate HRs of cataract, comparing event rates in the active treatment arms (selenium alone, vitamin E alone, and selenium and vitamin E) with the rate in the placebo group.
Individuals were the unit of analysis because eyes were not examined independently and we classified individuals according to the status of the worse eye, as defined by disease severity. When the worse eye was excluded because of visual acuity loss attributed to other ocular abnormalities, the fellow eye was considered for classification. Data were analyzed using SAS version 9.2 (SAS Institute Inc).
Results
The distribution of baseline characteristics of SEE study participants that are possible risk factors for cataract is shown in Table 1 . As expected in this large randomized trial, the characteristics were distributed evenly between active and placebo groups for selenium and vitamin E.
During a mean (SD) follow-up of 5.6 (1.2) years, a total of 389 cataracts and 219 cataract extractions were confirmed through medical record review.
Selenium
There were 185 cataracts in the selenium group and 204 in the no selenium group (HR, 0.91; 95% CI, 0.75-1.11; P = .37) ( Table 2 ). In age-stratified analyses, HRs tended to be lowest in the older age groups, although a test of trend did not attain statistical significance. For cataract extraction, there were 99 cases in the selenium group and 120 in the no selenium group (HR, 0.84; 95% CI, 0.64-1.09; P = .19) ( Table 2) . As observed for diagnosed cataract, HRs for extraction tended to be lowest in the older age groups, although the test of trend was not significant.
Cumulative incidence rate of cataract and cataract extraction by randomized selenium according to year of follow-up are shown in Figure 2 . For the primary end point of cataract, there was no apparent benefit of selenium at any point during the trial. For cataract extraction, curves appeared to diverge at 5 to 6 years of follow-up but never attained statistical significance.
The effect of selenium on cataract diagnosis did not differ markedly within categories of known or possible risk factors (eTable in the Supplement).
Vitamin E
There were 197 cataracts in the vitamin E group and 192 in the no vitamin E group (HR, 1.02; 95% CI, 0.84-1.25; P = .81) ( Table 2 ). The HRs did not vary significantly among the 4 age groups. For cataract extraction, there were 114 cases in the vitamin E group and 105 in the no vitamin E group (HR, 1.08; 95% CI, 0.83-1.41; P = .58) ( Table 2) . Cumulative incidence curves for cataract and cataract extraction by randomized vitamin E are shown in Figure 3 . For both end points, there was no apparent effect of vitamin E at any point during the trial.
The lack of effect of vitamin E on cataract diagnosis did not differ markedly within categories of known or possible risk factors (eTable in the Supplement).
Secondary Comparisons
There were no significant differences in the rates of cataract or cataract extraction between the 4 treatment groups. Compared with placebo, HRs for cataract were 0.82 (95% CI, 0.62-1.09; P = .18) in the selenium alone group, 0.93 (95% CI, 0.71-1.22; P = .61) in the vitamin E alone group, and 0.94 (95% CI, 0.71-1.23; P = .65) in the selenium and vitamin E group (P for interaction = .32). For cataract extraction, HRs were 0.73 (95% CI, 0.50-1.08; P = .11) in the selenium alone group, 0.96 (95% CI, 0.67-1.38; P = .83) in the vitamin E alone group, and 0.91 (95% CI, 0.63-1.31; P = .60) in the selenium and vitamin E group (P for interaction = .35).
Discussion
In this large randomized trial of apparently healthy men, middle-aged and older, daily supplementation with selenium and/or vitamin E for an average of 5.6 years had no significant effect on diagnosed cataract, the primary study end point, or cataract extraction. In our primary main-effects analysis, men assigned selenium (±vitamin E) or selenium (with or without vitamin E) had a nonsignificant 9% reduction in diagnosed cataract and a nonsignificant 16% reduction in cataract extraction. The 95% CIs around these estimates excluded with reasonable certainty beneficial effects of 25% or more for diagnosed cataract and 36% or more for cataract extraction. For vitamin E (±selenium) or vitamin E (with or without selenium), HRs for both diagnosed cataract and extraction were near the null value of 1.0 and the 95% CIs excluded with reasonable certainty beneficial effects more than 17% for each end point.
To our knowledge, the SEE study is the first randomized trial to assess the separate effect of selenium supplementation in cataract prevention. While the overall main-effects analysis indicated a nonsignificant 9% lower risk of cataract for men in the selenium (±vitamin E) or selenium (with or without vitamin E) group, the reduction was somewhat more (18%), although still nonsignificant when we compared men in the selenium alone arm with the placebo arm. Three previous trials examined selenium as a component of a multivitamin/ multimineral supplement in cataract prevention but the separate effect of selenium could not be determined in those trials. In the Linxian cataract study, end-of-trial eye examinations conducted among a subset of participants with esophageal dysplasia indicated a reduced prevalence of nuclear cataract in participants aged 65 to 74 years who were randomly assigned to a daily vitamin/mineral supplement that included selenium (50 μg) compared with the placebo (odds ratio, 0.57; 95% CI, 0.36-0.90). 23 In a second double-blind single-center clinical trial of 1020 participants aged 55 to 75 years, persons randomized to a daily multivitamin that included selenium (25 μg) compared with placebo had a significant 18% reduction in cataract development or progression after 9 years of treatment. 29 Finally, recent results from the Physicians' Health Study II indicated a significant 9% lower risk of cataract (HR, 0.91; 95% CI, 0.83-0.99) for men assigned a daily multivitamin that included selenium (20 μg) compared with placebo after 11 years of treatment. 30 Our findings in the SEE study extend these prior findings by showing that selenium, alone or in combination with vitamin E, is not likely to have a large beneficial effect on cataract, although a smaller but potentially important benefit cannot be ruled out. Our null findings for vitamin E in cataract prevention are consistent with the overall negative findings in previous randomized trials and, in particular, with 4 trials designed to es- showing that long-term supplementation with high-dose vitamin E has no material impact on cataract development or progression in men or women. Previous studies have shown that vitamin E interacts with selenium and glutathione peroxidase to prevent the formation of oxidative products of polyunsaturated fatty acids and oxidative damage. 34, 35 Other studies have shown that seleniumdependent glutathione peroxidase reduces hydroperoxides formed by the scavenging action of vitamin E 36 and may function indirectly by maintaining vitamin E (and vitamin C) in its reduced and functional form. 37 However, we found no evidence of a significant interaction of selenium and vitamin E in risk of cataract or cataract extraction.
Several possible limitations of the trial need to be considered, particularly in view of the negative findings. An inadequate dosage of study agents seems unlikely. The dose of vitamin E (400 IU per day [equivalent to 400 mg per day] of all rac-α-tocopheryl acetate) was more than 26 times the recommended daily intake of 15 mg 38 and previous observational studies reported benefits with a median intake of 12 mg of vitamin E. 39 The dose of selenium (200 μg/d from L-selenomethionine) was based on efficacy and safety data 31, 32 and was approximately 4 times the recommended dietary allowance for adults in North American. 40 Inadequate duration of treatment also seems unlikely, particularly for vitamin E because results from the Women's Health Study 27 and Physicians' Health Study II 28 indicated no benefit of vitamin E on cataract, even with treatment durations 3 to 4 years longer than that in the SEE study. Random misclassification of cataract was reduced by the use of medical record data to con-firm self-reports. Nonrandom or differential misclassification was unlikely because medical records were reviewed without knowledge of treatment assignment. Informative censoring, which would have occurred if dropouts or missing data were related to occurrence of cataract, also seems unlikely. Adherence is a concern in any long-term trial but adherence determined by pill count remained consistently good during follow-up, averaging 83% at year 1 and 65% at year 5. Finally, these findings in men may not be applicable to women.
Conclusions
These randomized trial data from a large cohort of apparently healthy men indicate that long-term daily supplemental use of vitamin E has no material impact on cataract incidence. The data also exclude any large beneficial effect on cataract for longterm supplemental use of selenium, with or without vitamin E, although a smaller but potentially important beneficial effect could not be ruled out. 
